We attempted to screen for telomerase inhibiting activity in vitro from a total of 304 marine algae samples which were collected from various Japan coasts by nonradioisotope telomeric repeat amplification protocol (Non-RI TRAP) assay using human leukemia MOLT-4 cells. Ten of the MeOH extracts and two of the PBS extracts from those algal samples showed telomerase inhibiting activity. In particular, the MeOH extract from a green alga, Caulerpa sertularioides strongly inhibited telomerase activity when added to MOLT-4 cell culture at a level of 1.25% (v/v), suggesting that it may be possible to develop a novel anti-cancer agent in view of its specific antitelomeric property.
Introduction
Telomeres, the ends of eukaryotic chromosomes, have a unique structure composed of tandem repeats of the sequence TTAGGG in humans and play several important roles essential for chromosome stability and replication. These roles include protection of chromosomes from degradation, end-to-end fusion, and recombination (Blackburn, 1991; Rhyu, 1995) . However, in normal somatic cells the ends of chromosomes are replicated incompletely, what is known as the end-replication problem, thus telomere length shortens progressively with successive cell divisions (Harley et al., 1990; Levy et al., 1992; De Lange, 1994; Ohyashiki et al., 1997) . When telomere length shortens to a certain critical level such that the telomeres can no longer stabilize chromosome ends, the cells exit from the cell cycle and finally die (Allcopp and Harley, 1995; Ogoshi et al., 1997) . Thus, telomere shortening appears to act as a mitotic clock of the cell and finally leads to cell senescence (Harley, 1991; Harley et al., 1995) . In cancer cells, on the other hand, expression of telomerase results in acquisition of infinite proliferation ability. Telomerase is a fascinating enzyme containing an integral RNA with a short template element that directs the de novo synthesis of telomeric repeats at chromosome ends (Greider and Blackburn, 1989; Yu et al., 1990 ). Therefore, telomere length is constantly maintained at a size that is sufficient to stabilize chromosome ends. As a result, cells are immortalized. Though telomerase activity is not specific to cancer cells, but is also found in normal cells such as germ cells which need telomerase (Broccoli et al., 1995; Yasumoto et al., 1996) , telomerase can be the target of novel anticancer agents. If we inactivate telomerase activity, cancer cells may no longer be able to maintain telomeres and eventually die. Moreover, if telomerase activity can be inhibited by some natural products, the effect of the anti-cancer agents will be more epochmaking, leading to a novel anti-cancer agent with little or no side-effect. Therefore, we focused on marine algae, which had been reported to contain various bio- Figure 1 . Sampling map of marine algae. A total of 304 marine algae were sampled from 57 points in Japan. logical activities (Mahasneh et al., 1995; Wright et al, 1996) .
In Japan, there are over 1500 species of marine algae. Some are reported to have antitumor activity (Kashiwagi et al., 1980; Itoh et al., 1993; , antibacterial activity (Sims et al., 1975; de Lara-Isassi, 1995) , and antiviral activity (Ivanova et al., 1994) , among others. At present, there are few reports on telomerase inhibiting activity in natural products including marine algae (Naasani et al., 1998) . Thus we attempted to screen for telomerase inhibiting activity in marine algae from the Japan coasts using the PCR-based TRAP (Telomeric Repeat Amplification Protocol) assay .
Materials and methods

Sample collection
A total of 304 species of marine algae were collected by skin-diving from 57 points along the Japan coastline from April 1994 to April 1997 ( Figure 1 ). Collected algae were taken to the laboratory and classified, and then preserved in a deep freezer at -85 • C until use.
Preparation for algae extracts
Sample algae were washed three times with sterilized artificial seawater (ASW, Jamarin Laboratory) and once with phosphate-buffered saline (PBS). Five g of each sample (wet weight) was mixed with 20 ml of PBS and homogenized at 8000 rpm for 5 min by a Polytron (Kinematica Inc.). After centrifugation at 1200 × g for 20 min, supernatants were collected, filtered with a 0.2 µm-pore-sized filter (Millipore, filter type GV) to obtain the water-soluble extract, and the remaining pellets were further mixed with 20 ml of methanol, homogenized and centrifuged as described above. Supernatants were filtered through a 0.2 µm-pore-sized filter (Millipore, filter type GV) to obtain the lipid-soluble extracts.
Cells and culture conditions
T-cell acute lymphoblastic leukemia MOLT-4, chronic myelogenous leukemia K562, HeLa and KB cell were used as the experimental tumor cell. These cell lines were kindly provided by the Japanese Cancer Research Resources Bank (JCRB). Cells were cultured in E-RDF medium (Kyokuto) supplemented with 10% fetal bovine serum (FBS) for 4 days at 37 • C in a 5% CO 2 -incubator.
Cytotoxicity test
MOLT-4 cells were seeded into three 35 mm tissueculture dishes (1 × 10 5 cells/2 ml medium), to which were added 12.5, 25 or 50 µl of the algae extracts. The same volume of MeOH or PBS was added as a control. The cytotoxicity was directly monitored by microscopic observation after 4 days incubation.
TRAP assay
Telomerase was extracted from 1 × 10 6 cells in each dish that the cytotoxicity was not observed. These cells were suspended in ice-cold PBS and washed. After being washed, the pellets were homogenized in 200 µl of ice-cold lysis buffer (10 mM Tris-HCl (pH 7.5), 1 mM MgCl 2 , 1 mM EGTA, 0.5% 3-[(3-cholamidopropyl)dimethylamino]-1-Propanesulfonate (CHAPS), 5 mM β-mercaptoethanol, 0.1 mM phenylmethylsulfonyl fluoride (PMSF), and 10% glycerol). After incubation for 30 min on ice, the lysate was centrifuged at 16 000 × g for 30 min at 4 • C, and the supernatant was frozen and stored at -85 • C. One µl of each extract was used for the TRAP assay. Each extract was added to 25 µl of reaction mixture containing 1 × PCR buffer (20 mM Tris-HCl (pH 8.0), 1.5 mM MgCl 2 , 68 mM KCl, 0.005% Tween 20, 1 mM EGTA), 50 µM dNTPs, 344 nM TS primer (5 -AATCCGTCGAGCAGAGTT-3 ), 0.5 µM of T4 gene 32 protein (Boeringer Mannheim), and 2 units of Taq DNA polymerase (Boeringer Mannheim). After being incubated for 30 min at room temperature, the reaction mixture was heated at 90 • C for 3 min and then CX primer (5 -CCCTTACCCTTACCCTTACCCTTAA-3 ) was added to the mixture. PCR was carried out for 30 cycles at 94 • C for 45 s, at 50 • C for 45 s, and at 72 • C for 1 min. The PCR products were electrophoresed on a 12% polyacrylamide gel and stained with SYBR Green I Nucleic Acid Gel Stain (Molecular Probes, Inc.).
Evaluation of telomerase inhibiting activity
After electrophoresis and staining of the gel, ladder bands were detected and photographed by video graphic printer (Fas II, Toyobo Biochemicals). Ladder bands were analyzed by NIH Image software (free software), and telomerase inhibiting activity was evaluated by comparing the light level of the detected ladders with the negative control. The criterion for telomerase inhibiting activity was according to the following formula: sample ladder/negative control ladder <0.3.
Results and discussion
When using the PCR-based TRAP assay, it is reported that PCR products do not always reflect the amount of templates at the first stage (Ehricht et al., 1997; Nyren et al., 1997; Schnell and Mendoza, 1997) . Therefore, we examined the numbers of PCR cycles ranging from 22 to 38 for a quantitative estimation of the levels of telomerase. Telomerase extracted from untreated MOLT-4 cells was prepared and used for the TRAP assay. Since each PCR product from 22 to 32 PCR cycles increased constantly and then reached a maximum at over 34 PCR cycles, we set 30 cycles as the appropriate number of PCR cycles for quantification in our assay (Figure 2 ).
Then we screened telomerase inhibitiong activity from the marine algae extracts , using MOLT-4 cells. From this screening, we noted that the strength of telomerase activity in MOLT-4 cells was a very important factor, because low levels of telomerase activity might cause a false negative, and an uncertain detection of telomerase activity made our study inefficient. Therefore, we investigated for such activity when the cells showed the highest level of telomerase activity during incubation (Figure 3) . After 1 × 10 5 of untreated cells were seeded into a 35 mm dish with 2 ml medium, the numbers of cells gradually increased until day 7. Thus we extracted the telomerase from the cells after incubation for 4 days because the cells showed the highest-level of telomerase activity. Though it is not clear why telomerase activity decreased remarkably at day-5, it might be caused by some cytokine signals of MOLT-4 cells that have terminated log phase-growth.
Though a few MeOH-and PBS-extracts of marine algae showed cytotoxicity, the telomerase inhibiting activity was found in some seaweeds. The MeOHextracts from 3 green algae, 6 red algae, and 1 species of brown algae and the PBS-extracts from 1 red alga and 1 species of an other seaweed exhibited telomerase inhibiting activity (Table 1 ). In particular, the MeOH extract from Caulerpa sertularioides, which inhabits Ishigaki Island in Okinawa Prefecture, showed Figure 3 . Telomerase activity in culturing MOLT-4 cells. Cells were seeded into 35 mm tissue-culture dishes with 2 ml medium. NIH image software was used for measuring telomerase activity. Telomerase activity was expressed by the relative ratio to the strongest one. the strongest telomerase inhibiting activity (Figure 4 ). When we assayed for telomerase inhibiting activity of the MeOH extract from C. sertularioides by adding 25 µl of the MeOH extract to 2 ml of medium, the ladder bands were faintly detected. Though the mechanism is not clear, it may act on telomerase expression or inactivation after active compounds from C. sertularioides penetrated and influenced MOLT-4 during culturing for 4 days. To examine whether this telomerase inhibiting activity of C. sertularioides is specific to MOLT-4 or not, K562, HeLa and KB cells were also assayed. However little or no telomerase inhibiting activity was found in these cell lines (data not shown). It appears that their individual levels of telomerase activity may be stronger than that of MOLT-4 cell, or the concentration of the alga extract might not be sufficient to inhibit telomerase activity in K562, HeLa and KB cells. These possibilities should be investigated more in detail. Whereas the MeOH extract of C. Sertularioides showed telomerase inhibiting activity, some other algal MeOH extracts, for example, Corallina pilulifera showed rather telomerase promoting activity. When 50 µl of the MeOH extract of C. pilulifera was added to the culture, telomerase activity was 1.42 times higher than negative control. Though 25 µl of MeOH only was represented as negative control in Figure 4 , neither 12.5 nor 50 µl of MeOH showed any differences on telomerase activity.
In conclusion, our findings indicated that the MeOH extract from marine green alga, C. sertularioides might contain the biologically active compounds which inhibit telomerase activity, may have a possibility to be applied to a novel anti-cancer agent. We believe that these are the first findings of telomerase inhibiting activity from marine algae.
